Under certain conditions, the values of the parameters that govern the interactions between the active-siteserine D-alanyl-D-alanine-cleaving peptidases and both carbonyl-donor substrates and ,J-lactam suicide substrates can be determined on the basis of the amounts of (serine ester-linked) acyl-protein formed during the reactions. Expressing the 'affinity' of a ,J-lactam compound for a DD-peptidase in terms of second-order rate constant of enzyme acylation and first-order rate constant of acyl-enzyme breakdown rests upon specific features of the interaction (at a given temperature) and permits study of structure-activity relationships, analysis of the mechanism of intrinsic resistance and use of a 'specificity index' to define the capacity of a ,B-lactam compound ofdiscriminating between various sensitive enzymes. From knowledge ofthe first-order rate constant of acyl-enzyme breakdown and the given time of incubation, the /J-lactam compound concentrations that are necessary to achieve given extents of DD-peptidase inactivation can be converted into the second-order rate constant of enzyme acylation. The principles thus developed can be applied to the study of the multiple penicillin-binding proteins that occur in the plasma membranes of bacteria.
INTRODUCTION
The active-site-serine D-alanyl-D-alanine-cleaving peptidases are bacterial enzymes that exhibit a unique optical specificity (Ghuysen et al., 1984; Frere & Joris, 1985) : the scissile peptide bond extends between two D-alanine residues in a-position to a free carboxylate group. These enzymes also function as esterases on D-Ala-D-lactateterminated (and other) depsipeptides (Yocum et al., 1982; Pratt et al., 1985) . In those cases where the reaction pathway has been elucidated, the catalysed acyl transfer proceeds via the formation of a serine ester-linked acyl-enzyme .
The active-site-serine DD-peptidases are targets specifically attacked by the 8-lactam antibiotics (penicillins, cephalosporins, monobactams) . ,-Lactam compounds are recognized as carbonyl-donor analogues but the reaction flux stops, at least for a long time, at the level of the corresponding acyl-enzyme, thus conferring on the active-site-serine DD-peptidases the property of behaving as penicillin-binding proteins (PBPs) (Spratt, 1983; Ghuysen et al., 1984; Frere & Joris, 1985) .
All bacteria examined thus far possess, bound to their plasma membrane, multiple PBPs that are involved in the assembly and constant remodelling of the bacterial wall peptidoglycan (Spratt, 1983) . In several instances these PBPs have been shown to possess DD-peptidase (carboxypeptidase and/or transpeptidase) activities and penicillin binding has been shown to occur by acylation of a serine residue (Frereetal., 1976; Kecketal., 1985; Broome-Smith et al., 1985) . Currently, the 'affinity' of a PBP for a ,-lactam compound (i.e. the inactivating potency of a ,J-lactam compound towards a PBP) is defined as the concentration (often expressed in ,ug/ml) required to achieve 50% saturation of the PBP after a given time (5 to 60 min have been used) at a specified temperature (often 37°C). Although this definition has been very widely used, it does not permit comparison of data obtained under differing conditions and does not permit study of the interaction between PBPs and ,-lactam compounds in terms of structure-activity relationships.
The discussion presented below shows that, if acyl-enzyme breakdown is not much faster than acyl-enzyme formation, the amount of acyl-enzyme that is formed during reaction between the active-site-serine DD-peptidases and peptide or depsipeptide substrates can be used to calculate the values of the parameters that govern the interaction. On the basis of the equations thus developed for substrates, this paper also presents, in some detail, the various factors that must be considered in order to define, in terms of the kinetic parameters involved, the efficacy with which the fl-lactam compounds inactivate the active-site-serine DD-peptidases or immobilize the PBPs in a biologically inactive form. Some of the equations derived in the present paper might exhibit similarities to those derived by Morrison (1982) for slow-binding inhibitors. However, the analysed phenomena are different, since the ,-lactam compounds are irreversibly transformed by the DD-peptidases (PBPs), in contrast with the inhibitors considered by Morrison (1982) . With regard to the mechanistic properties of the DD-peptidases (and PBPs), the present discussion is based, at least in concept, on previous work dealing with the acyl-transfer reactions catalysed by the well-known active-site-serine peptidases such as chymotrys (Fersht, 1985) and the R61 and R39 DD-peptidases (Fi et al., 1975a; Fuad et al., 1976 (Hess, 1971 ). For k+3 < k+2 (rate-determining breakdown and large steady-state proportion of acylenzyme), kcat = k+3 and Km = Kk+3/k+2, eqn. (7) becomes:
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The ratio k+2 As a consequence of the endocyclic nature of the scissile amide bond in the fl-lactam ring, the leaving group P1 remains part of the acyl-enzyme and does not diffuse away from the enzyme active site:
Hence reaction (1) becomes: (2)}.
When, in reaction (12), D is benzylpenicillin and HY is H20, the expected reaction product P is benzylpenicilloate. Active-site-serine DD-peptidases function as f,-lactamases of very poor efficacy (low k+3 values) (Frere et al., 1974) . In some cases, however, the reaction is a branched pathway. The benzylpenicilloyl-enzyme slowly undergoes both direct hydrolysis into benzylpenicilloate and fragmentation with generation ofphenylacetylglycylenzyme. Once formed, this latter acyl-enzyme undergoes hydrolysis with release of phenylacetylglycine. Since, in this process, fragmentation is rate-determining (Frere et al., 1975b (Frere et al., , 1978 , k+3 refers to this particular acyl-enzyme rearrangement.
If the reaction mixture contains an amino compound H2N-X known to be an effective acceptor in transfer reactions involving carbonyl-donor substrates, partitioning between H20 and H2N-X occurs only at the level of phenylacetylglycyl-enzyme (Marquet et al., 1979) . The inertness of benzylpenicilloyl-enzyme strongly suggests that the benzylpenicilloyl moiety prevents access to or functioning of the enzyme amino-acceptor site. Note, however, that a simple amino nucleophile, such as hydroxylamine, attacks the benzylpenicilloyl-enzyme.
The equations developed for the amide and ester acyl-enzyme after time t of incubation in a medium deprived of free ,6-lactam compound (Frere et al., 1974) .
With knowledge of k+3, the half-life of the acyl-enzyme is given by:
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Practical procedures for determining k+3. Determination of k+3 rests upon eqn. (13). It involves measurements, as a function of time, of the release of the acyl moiety (from an acyl-enzyme obtained with a radioactive fl-lactam compound) or the recovery of the enzyme activity. In this latter case, samples of acyl-enzyme removed after increasing times of incubation are treated, in a second step, with a carbonyl-donor substrate. The time of incubation with the substrate must be short when compared with the half-life of the acyl-enzyme (since the acyl-enzyme continues to decay during that incubation) or a suitable correction must be utilized (Frere et al., 1974) . Alternatively, the acyl-enzyme and the substrate are mixed together and the amount ofproduct [P]t formed from the substrate on subsequent incubation (Frieden, 1970 ) is given by:
[P]t = vf(t-I 1 -e-k+at)) (15) where Vf is the rate of product formation by the fully re-activated enzyme. (Frere et al., 1975a; Fuad et al., 1976) .
When the procedure involves trapping of a radioactive acyl-enzyme, this latter is stabilized by treatment with a denaturing reagent and, after polyacrylamide-gel electrophoresis in the presence of SDS, the separated radioactive acyl-enzyme is detected by fluorography and its amount determined (Spratt, 1983) .
It may happen that no direct procedure is available for determining ka (in particular when the enzyme activity is difficult to monitor or when the fl-lactam compound is not in a radioactive form). An indirect procedure can be used in which the enzyme, left free after a first incubation with various concentrations of the non-radioactive /,-lactam compound, is fully acylated, in a second step, by a radioactive fl-lactam compound that obeys eqn. (18) Reaction with a fl-lactam compound may be characterized by a Km value, often referred to as Ki, that, since k+3 < k+2, simplifies to:
Ki may also serve to express inactivating potency: the lower the Ki, the more potent the inactivator. However, if k+3 has a very small absolute value, Ki is necessarily very small even if k+2/K is small, i. Another question arises. How much more sensitive than any other of the PBPs present should a PBP be in order to be a specific target of a given 6l-lactam compound? Assuming that saturation of the PBPs proceeds according to eqn. (18), then the ratios between the relevant k+2/K values can be used as a 'specificity index' to express the ability of the ,-lactam compound to discriminate between the various PBPs. In the case of a mixture of two PBPs, a ratio of 60 between the relevant k+2/K values means that any condition causing 95% saturation of the most sensitive PBP causes 5% saturation of the less sensitive PBP. A 'specificity index' of 60 may thus be taken as the minimal value that permits selective inactivation of a PBP by a particular ,J-lactam compound (although, at present, the percentage of a PBP that should be acetylated in order to impair completely its physiological function remains unknown).
CONCLUSIONS
On the basis of reaction (1) for the interaction between the active-site-serine DD-peptidases and amide or ester carbonyl-donor substrates and of reaction (12) (1) The stability of the native PBP under study must be established.
(2) The PBPs preparation must be shown not to contain 8l-lactamase activity that may degrade the fl-lactam compound. Alternatively, the ,8-lactamase must be inactivated.
( (Chase et al., 1978; Frere et al., 1979) has been used to develop a rapid and sensitive method for the detection of fl-lactam compounds in various biological fluids (Frere et al., 1980) . (7) The ka value obtained at a given 84-lactam concentration must be independent of the incubation time. Several incubation intervals should be used. If only one incubation time is used, the investigator must be aware that computation of the ka value rests upon a one-point kinetic (and thus has limited precision). [/J-lactam compound] should give rise to a straight line (intercept = 1/k+2 or K/k+2; slope = K/k+2 or 1/k+2).
Although exceptions exist, the reactions between PBPs (DD-peptidases)and, -lactamcompoundsusuallygenerate a long-lived acyl-PBP (acyl-enzyme). At least in those cases where the problem has been examined (Ghuysen et al., 1984; Frere & Joris, 1985) , the Kvalues range between 0.1 and 10 mm. It 
